Background and Purpose-Few studies have evaluated long-term costs after stroke onset, with almost no cost data for transient ischemic attack (TIA). We studied hospital costs during the 5 years after TIA or stroke in a population-based study. 595), with more than half of costs ($12 972) being incurred in the first year after the event. After index TIA, the mean censor-adjusted 5-year costs were $18 091 (95% confidence interval, 15 947-20 258). A multivariate analysis showed that event severity, recurrent stroke, and coronary events after the index event were independent predictors of 5-year costs. Differences by stroke subtype were mostly explained by stroke severity and subsequent events. Conclusions-Long-term hospital costs after TIA and stroke are considerable, but they are mainly incurred during the first year after the index event. Event severity and experiencing subsequent stroke and coronary events after the index event accounted for much of the increase in costs. 
C erebrovascular diseases are a leading cause of deaths worldwide, 1 and they are a principal cause of hospital and care-home resource utilization. 2 Therefore, there is much research interest in quantifying the cost of cerebrovascular diseases, particularly stroke.
Although numerous studies have been published assessing the hospital care costs of stroke using patient-level data, few studies have evaluated costs for >1 year after stroke onset, with an almost complete lack of long-term hospital cost data for transient ischemic attack (TIA). [2] [3] [4] [5] [6] This lack of evidence on the level and predictors of long-term hospital costs after TIA and stroke does not allow for formal comparisons of outcome and cost between these conditions and other diseases, hampering and limiting decisions about the relative funding requirements for service provision and research. 7, 8 In addition, estimates of long-term disease costs are valuable to other researchers, particularly as an input to decision-analytic models, which are becoming ever more popular to assess the cost-effectiveness of health care interventions.
To reliably determine the level and predictors of resource use and costs after TIA and stroke, population-based studies with full case ascertainment (ie, including minor events not admitted to the hospital and strokes resulting in death before, or soon after, hospital admission) are ideally required. 9 Therefore, we studied hospital care costs during the 5 years after any first incident or recurrent TIA or stroke in a population-based study.
Materials and Methods

The Oxford Vascular Study
The Oxford Vascular (OXVASC) study population comprises >91 000 patients registered in 9 general practices across Oxfordshire, United Kingdom. The study methods have been described elsewhere. 10 Briefly, patient registration began on April 2002, and it is ongoing. Only consenting patients recruited from April 1, 2002 to March 31, 2007, were included in this analysis. Patients in whom TIA or stroke was suspected were ascertained using multiple overlapping methods of hot and cold pursuit and considered for inclusion, 11 including:
1. A daily (weekdays only), urgent open-access TIA clinic to which participating general practitioners and the local accident and emergency department send all individuals with suspected TIA or stroke whom they would not normally admit to hospital, with alternative on-call review provision during weekends.
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2. Daily searches of admissions to the medical, stroke, neurology, and other relevant wards. 3. Daily searches of the local accident and emergency attendance register. 4 . Monthly computerized searches of general practitioner diagnostic coding and hospital discharge codes. 5. Monthly searches of all cranial and carotid imaging studies performed in local hospitals. 6 . Monthly reviews of all death certificates and coroners reports.
Suspected TIA/stroke patients were assessed urgently by a study clinician. Stroke was defined according to World Health Organization (WHO) definitions and included all ischemic events, intracerebral hemorrhage, subarachnoid hemorrhage, and strokes of uncertain type. Informed consent was sought, and assessments of neurological impairment, history of presentation, medical and social history, and risk factors were performed. Impairment was measured using the National Institutes of Health Stroke Scale (NIHSS), which was used to categorize event severity. Minor events were defined as NIHSS scores ≤ 3, moderate events were defined as scores from 4 to 10, and severe events were defined as scores >10. Although different study physicians were involved during the study, all cases were subsequently reviewed by the study senior neurologist (P.M.R.) on a daily basis and imaging results were assessed by the same neuroradiologist, with the final classification as TIA, stroke, or other condition being made by the same senior neurologist and neuroradiologist in all cases.
Surviving patients were then followed-up face-to-face by a research nurse at 1, 6, 12, 24, and 60 months after the event. Patients were also followed-up via their general practitioners and hospital records, recurrent vascular events were identified by ongoing ascertainment, and all patients had mortality follow-up.
Resource Use and Unit Costs
Resource use was obtained from patient hospital records from the date of first TIA or stroke within the OXVASC study period (ie, index event) until March 31, 2010. In addition, resources used within the year before the index event were obtained. For those patients recruited before April 1, 2005 , only resource use up to 5 years after the event was collected. Minimum follow-up in the study was 3 years.
Patient hospital records from the Oxford Radcliffe Hospitals National Health Service Trust (at the start of OXVASC, it comprised 1 tertiary hospital, 3 acute general hospitals, and 9 community hospitals) were reviewed for any accident and emergency visit, emergency transport, outpatient care visit, day case, or hospitalization. For each stay in hospital, information was recorded on the date of admission and discharge and the dates of transfers between different specialty wards. Hospitalizations during which patients were admitted and discharged on the same day were classified as day cases and the number of days in hospital was set to 0. Inpatient stays were defined as those times during which the patient was admitted for at least 1 night. Although it would have been ideal to report hospitalizations, days in hospital, and costs separately for acute care and rehabilitation care, in most United Kingdom hospitals, acute care and rehabilitation are less separable than in the United States or other European models. In the United Kingdom, rehabilitation is generally initiated on the stroke unit, or general ward, with some patients staying for several weeks or admitted into specialist rehabilitation wards or community hospitals subsequently.
Regardless of when hospital resources were consumed by patients, all resource use was priced using 2008/2009 unit costs. When unit costs were obtained from sources detailing costs before 2008/2009, costs were updated using the Hospital and Community Health Services pay and price inflation index. 12 Unit costs for outpatient (including any outpatient investigations performed) and accident and emergency visits were derived from the schedule of reference costs for National Health Service trusts. 13 For each hospital ward, the unit costs per day case/day in hospital were derived from the schedule of National Health Service reference costs 13 and National Health Service trust financial returns. 14 The only exception was for the cost per day in a stroke unit, which was derived from published studies because of lack of data in National Health Service published costs. 15 The unit costs used to price inpatient resource use also included the costs of treatments, investigations, and interventions typically performed in each specialty ward. All costs were converted from United Kingdom pounds sterling (£) to United States dollars ($). The currency conversion was based on the rate of purchasing power parities in 2009 ($1 is equal to £0.64).
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Costs incurred by patients after the first year have not been discounted to present value terms in the main analysis. However, sensitivity analyses are presented in which costs incurred after the first year were discounted using 3.0%, 3.5%, and 5.0% annual rates to reflect the different discount rates used in different countries.
Statistical Analysis
Resource use data up to March 31, 2010, were used; therefore, we did not have complete 5-year data for patients recruited after April 1, 2005. As a result, cost results are presented for those with full followup (including those dying within that time, complete case analysis), and for the whole patient sample after adjusting for censoring.
We examined the effect of censoring on our results using the method developed by Lin et al. 17 This method partitions the study period into smaller time periods (in this case, by day) within each of which the total cost incurred for all patients alive at the beginning of the period is calculated. The estimated costs of patients with complete data for each time period are then weighted by the Kaplan-Meier sample average estimator (ie, the probability of survival in a given time period, conditional on having survived the previous time period) and summed over all periods to obtain an estimate of the mean censor-adjusted costs. Costs are reported as means together with their 95% confidence intervals (CIs). The 95% CIs are reported around the mean censor-adjusted costs using 1000 bootstrap estimates.
Because TIA and stroke are associated with old age and generally occur in patients with other comorbidities, 10 such patients are likely to use substantial hospital resources even if they had not experienced a TIA or stroke, making the impact of disease on costs difficult to determine. Therefore, we also compared the costs for each of the 5 years after the index event with the costs incurred before the event by undertaking 2 analyses: (1) surviving cases, in which annual costs before and after the index event were compared only for patients who survived past 5 years; and (2) available cases, in which annual costs before and after the index event were compared by estimating the mean annual cost for patients, including patients who died, with complete data for that year.
To assess whether the predictors of hospital care costs varied over time, 2 log-linear regression models, using robust standard errors, were used to assess the predictors of 1-and 5-year total hospital care costs after TIA or stroke. 18 For the analysis of 5-year costs, only patients with complete 5-year follow-up were included, and to make results directly comparable the same patients were included in the analysis of costs incurred from index event to 1 year. Predictors of costs included were as follows: age; gender; history of each of myocardial infarction, angina, peripheral vascular disease, hypertension, stroke, atrial fibrillation, or diabetes mellitus; event type (TIA or stroke); event severity (NIHSS score); disability before the event; any subsequent vascular event at 1 and 5 years after index TIA or stroke; living arrangements before the index event; marital status; socioeconomic status; employment status; and deprivation as measured using the index of multiple deprivation. Because of observed nonlinear effects on costs, 15 event severity was included in the model using the continuous NIHSS score and its quadratic term. Age was included as a categorical variable. To assess the impact of individual patient characteristics on costs, after covariate adjustment, we estimated the difference between mean predictions using appropriate smearing estimators. 19 Similar regression models were undertaken only for stroke patients, including as an additional covariate stroke subtype using the Trial of Org 10172 in Acute Stroke Treatment classification.
Statistical significance was set at P<0.050. Model specification was tested using Ramsey reset test, a general specification test for the linear regression model used to test whether nonlinear combinations by guest on December 31, 2017 http://stroke.ahajournals.org/ Downloaded from of the fitted values helped explain 5-year costs. To assess whether the results from the linear regression were valid, we also assessed whether the residuals were normally distributed and whether there were any patterns in the residuals when plotted against the predicted values.
Results
Patient Sample
Between April 2002 and March 2007, 485 patients had a TIA and 729 patients had a stroke as their index OXVASC event. Mean age of the sample was 75 (SD, 13) years for stroke patients and 73 (SD, 13) years for TIA patients. Males accounted for 51% (n=369) of stroke cases and 44% (n=211) of TIA cases (Table  1 ). There was missing NIHSS information for 17 stroke cases because of late presentation or events occurring out of area. Of the 712 index strokes with available NIHSS scores, 413 (58%) were classified as minor, 166 (23%) were classified as moderate, and 133 (19%) were classified as severe.
Of the 729 patients experiencing an index stroke, 239 (33%) were alive at 5 years, 333 (46%) had died within that time, and 157 (22%) had not yet reached complete 5-year follow-up (Supplementary Table I ). Two-hundred four (42%) index TIA patients were alive at 5 years, 25% (n=120) had died, and 161 (33%) patients had not yet reached complete 5-year follow-up. Mean censor-adjusted survival time was 4.32 years after TIA and 3.30 years after stroke. Of the 729 stroke patients, 144 (20%) experienced >1 recurrent strokes and 60 (8%) experienced >1 subsequent coronary events during the 5-year follow-up. One-hundred seven (22%) TIA patients experienced >1 strokes and 51 (11%) experienced >1 coronary events after index TIA.
Details of hospital care resource use after index TIA and stroke are reported in the Online Supplementary Material (Supplementary Table II) .
5-Year Hospital Costs After Stroke
For the 572 stroke patients with complete 5-year follow-up, or those dying within that period, the mean 5-year total hospital costs after stroke were $26 475 (95% CI, 23 723-29 227), of which $23 397 (88%) were because of inpatient stays in hospital ( Table 2) . Although minor stroke patients (NIHSS score ≤3) incurred average costs of $23 031 (95% CI, 19 616-26 448), moderate stroke patients (NIHSS score 4-10) incurred costs of $31 953 (95% CI, 25 784-38 120). Despite high mortality rates after severe stroke (NIHSS score >10), with mean survival time of 1.45 years, these patients still incurred average costs of $27 348 (95% CI, 21 085-33 617).
To obtain the 5-year average cost for all 729 strokes, we adjusted costs to account for censoring. The resulting mean 5-year costs were $25 741 (95% CI, 23 659-27 914), which were similar to those obtained in the complete case analysis ( Table 2) . Because of high case fatality rates soon after unknown stroke and primary intracerebral hemorrhage, censor-adjusted 5-year costs were lower than those for ischemic stroke ($15 069, $19 641, and $26 347, respectively), with those for subarachnoid hemorrhage being $33 708. More detailed cost results by Trial of Org 10172 in Acute Stroke Treatment classification are reported in Table 3 . The Online Supplementary Material (Supplementary Table III) reports all hospital care costs in present value terms, in which costs incurred after the first year were discounted using annual rates of 3.0%, 3.5%, and 5.0%.
For the 239 stroke patients with complete follow-up and who survived the 5 years, the mean 5-year hospital costs were $24 383 (95% CI, 20 156-28 595). More than half of these costs ($12 972) were incurred during the first year after stroke, with costs then decreasing to $2303 in year 2, $3486 in year 3, $2527 in year 4, and $3088 in year 5. Mean annual costs for each follow-up year after index stroke were significantly higher than those incurred in the year before the event ($923; P<0.001; Figure 1 ). Mean costs in the year before the index stroke were significantly higher for patients dying within 5 years after stroke (n=333, $6205) than for those who survived (n=239, $923; P<0.0001). For all stroke patients, mean annual costs before the index stroke were $3561, compared with $16 444 in the first year after the index stroke (P<0.001), $2311 in year 2 (P=0.018), $2 659 in year 3 (P=0.117), $2106 in year 4 (P=0.007), and $1 952 in year 5 (P=0.006).
5-Year Costs After TIA
For the 324 TIA patients with complete 5-year follow-up, or those dying within that period, the mean 5-year-total hospital costs after TIA were $19 388 (95% CI, 16 244-22 531), of which $15 689 (81%) were because of inpatient stays in hospital (Table 2 ). Mean 5-year censor-adjusted costs were $18 091 (95% CI, 15 947-20 258). 
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For the 204 surviving TIA patients with complete followup, the mean 5-year hospital costs were $13 682 (95% CI, 10 558-16 809). For these patients, more than half of costs ($5719) were incurred during the first year after TIA, with costs then decreasing in subsequent years. Although mean annual costs were higher at each follow-up year than in the year before the index TIA, statistically significant differences were only identified for the first and second years after the event (Figure 2) . For all TIA patients, mean annual costs before the index stroke were $2178, with costs remaining higher during the first year after TIA ($6909; P<0.001), year 2 ($4420; P<0.001), and year 3 ($2805; P=0.247).
Predictors of 1-and 5-Year Costs After TIA or Stroke
Log-linear regressions were performed to assess the main independent predictors of 1-and 5-year hospital costs after TIA or stroke. For both analyses, we only included patients with complete 5-year follow-up (n=896, including those who died within that period), of whom 140 (16%) were excluded because of missing socioeconomic characteristics, leaving a sample of 756 patients. Results are reported in Table 4 . Mean predicted costs after covariate adjustment are presented here for significant variables. Year in which the patient was recruited into OXVASC was not included as a covariate in the regression because we found no statistically significant evidence that costs varied between years (ANOVA test for differences in costs by year of recruitment: P=0.444 for TIA and P=0.807 for stroke).
Event severity was a strong independent predictor of costs at 1 and 5 years after the index event, with a 1-point increase in NIHSS score increasing 1-year costs by 20% and 5-year costs by 13% (P<0.001; Table 4 ). The association between event severity and costs was nonlinear, because of the greatly increased case fatality and corresponding reductions in health use observed at high NIHSS scores. This was further tested by including an interaction term between NIHSS score and case fatality (defined as mortality within 30 days of event) into the regression. We found this to be statistically significant, although the nonlinear relationship between cost and severity still held. Although having a history of stroke before the index event was not a predictor of 1-year costs, patients with a history of stroke incurred significantly higher costs than those with no history 5 years after the event ($11 973; P=0.011).
One year after the index event, stroke patients incurred significantly higher costs of $7931, after covariate adjustment, when compared with TIA patients (P=0.007). However, 5 years after the index event, the difference in costs between stroke and TIA patients was considerably lower and nonsignificant ($5198; P=0.195). Results of the multivariate analysis also showed that, expecting whether the patient was living alone before the index event, only clinical factors were predictors of costs 1 year after the event, with age and premorbid place of residence, marital status, and education levels all found to be predictors of 5-year costs. Age was a predictor of 5-year costs, with patients aged younger than 65 years incurring $15 172 lower costs than those aged older than 75 years (P=0.003; Table 4 ). Place of residence before the index event was also a predictor of 5-year costs after TIA or stroke. Compared with those living at home before the index event, patients living in nursing homes incurred lower hospital care costs (−$26 722; P=0.002) because of high fatality rates, and those living in warden/sheltered accommodation incurred significantly higher costs $24 461; P=0.009). Education levels also were an independent predictor of costs, with each additional year of education reducing costs by 4% (P=0.046). After controlling for patient characteristics, single patients incurred significantly higher costs ($23 459; P=0.041) than married patients.
Additional regression models, similar to those reported were undertaken only for stroke patients including as an additional covariate stroke subtype using Trial of Org 10172 in Acute Stroke Treatment classification definitions. Results from this showed that stroke severity (as measured using NIHSS score), recurrent strokes and subsequent peripheral vascular events remained the strongest predictors of 5-year hospital care costs. Although significant differences in 5-year costs were identified, univariately, by stroke subtype (Table  3) , much of these differences disappeared after controlling for severity, age, and other covariates in the regression analysis (Supplementary Table IV) . Figure 1 . Costs before and after index stroke. *Annual costs before and after the index stroke were compared by estimating the mean annual cost for patients, including patients who died, with complete data for that year.
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Discussion
A previous OXVASC study assessed the levels and predictors of acute hospital usage and costs after stroke onset. 15 This study supplements the previous findings by evaluating hospital care costs after TIA and stroke over the longer-term and is the first population-based study to estimate such costs of TIA and stroke in the United Kingdom. To our knowledge, the only previous population-based study, using multiple ascertainment methods, of the long-term cost of adult stroke was performed in Melbourne, Australia, in a different health care system with higher rates of hospital admission and considered only the costs of stroke. 3 A study conducted in Finland, based on 94 316 hospital-treated patients with incident stroke, 5 also assessed 5-year costs after stroke and compared these with costs incurred 1 year before the incident stroke. Ours is also the first study to evaluate long-term hospital costs after TIA and to compare these with costs before the event.
Our study showed that costs after index stroke and TIA are considerable, with patients incurring 5-year hospital care costs of $25 741 and $18 091, respectively, with the long-term time perspective adopted in this study allowing us to compare the costs incurred at each follow-up year. For stroke patients, 64% ($16 444) of these 5-year costs were incurred during the year immediately after the stroke, whereas for TIA patients only 38% ($6 909) of 5-year costs were incurred during the first year. As a result, and partly through increased mortality rates in stroke patients, the significant difference in 1-year costs observed between stroke and TIA patients, after adjustment for other covariates, was no longer identified at 5 years.
Another important difference identified between the multivariate analyses of 1-and 5-year costs was that at 1 year after the index event, the only predictors of costs were clinical in nature; however, at 5 years, age and social history (including education levels, marital status, and place of residence) were all found to be predictors of hospital care costs. The finding that educational attainment (measured by the age when patients ended their education) was associated with 5-year hospital costs could be explained (at least partly) by the strong relationship between education, income, and health. 20 However, because this finding verged on nonsignificance (P=0.046), this observed relationship in our study should be treated with caution.
The results of our multivariate analyses also showed that the main determinants of 1-and 5-year hospital costs were the severity of the neurologic deficit (NIHSS score) at initial assessment and the impact of subsequent strokes or coronary events after index TIA or stroke. Patients experiencing subsequent strokes or coronary events were found to incur additional 5-year costs after controlling for other characteristics of $15 990 and $22 592, respectively.
Because TIA and stroke are associated with old age and often occur in patients with other comorbidities, 10 such patients are likely to use substantial health care resources regardless of event onset. Therefore, to better-understand the impact of TIA and stroke on costs, we compared the costs for each of the 5 years after the index event with the costs incurred before the event. As identified in previous studies, 21, 22 both for TIA and stroke, costs gradually increased over the course of the year before the event because patients required more medical attention, suggesting that health deteriorated in the months soon before the event in some patients.
Although our study shows that a great proportion of 5-year total costs was incurred soon after stroke, the long-term time perspective adopted in this study also allowed us to compare the costs incurred at each follow-up year with those incurred during the year before the stroke. For stroke patients surviving the whole 5-year period, annual hospital costs after stroke were significantly higher than those before stroke, although costs incurred in the first year after stroke accounted for more than half of all 5-year costs. However, when all stroke patients were considered, only 1-year costs were significantly higher than those incurred before the event. This finding was because of average annual costs after stroke being decreased by death, and because the 333 stroke patients who died during the 5-year follow-up had significantly higher costs in the year before the event than those patients surviving past 5 years, increasing average annual costs before the stroke. 
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Population-based cohort studies, such as OXVASC, are the gold-standard when evaluating outcomes after TIA and stroke. 9 However, our study also had limitations. First, 33% and 22% of TIA and stroke patients, respectively, did not yet have full 5-year follow-up and therefore were treated as censored. However, we presented average long-term hospital costs for patients with complete data and after censor adjustment using recommended techniques. Second, the study omitted other relevant health care costs such as those relating to primary care visits or community care. However, previous studies have shown that the majority of health care costs after stroke are because of hospitalizations, with the impact of other cost categories having a relatively small impact on total costs. 2 Related to this, we omitted the costs of long-term institutionalization in either nursing or residential home care. Although not a health care cost, long-term institutionalization has been shown to be a major component of overall costs after stroke. 4 Third, our overall costs are only applicable to the United Kingdom and possibly to similar health care systems in which a high proportion of patients with TIA and minor stroke are investigated and treated in the outpatient setting. Our predictors of cost, however, are more likely to be generalizable to other health care settings.
In summary, our study reports estimates of the long-term levels and predictors of hospital care costs associated with stroke in the United Kingdom using data from a well-conducted population-based study. Our results highlight the importance of initial stroke severity as a predictor of costs. This study should be of use to analysts assessing the burden of TIA and stroke and the long-term cost-effectiveness of interventions for prevention and treatment of these 2 conditions, especially when extrapolating short-term results from clinical trial follow-up. 
